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1. Introduction 
In RAN4#100-e UE demodulation for FR1 HST was discussed and way forward [1] was agreed. The following agreements were made for PDSCH requirements in CA scenarios.
	SCS configurations and applicability rules for SCS configuration 

	Number of CA Duplex modes
	Number of required tests if UE supports all duplex modes

	3
(FDD 15+FDD 15, FDD 15+TDD 30, TDD 30+TDD 30)
	2
(FDD 15 + TDD 30; TDD 30 + TDD 30)
If UE supports both FDD 15 kHz + TDD 30 kHz and FDD 15 kHz + FDD 15 kHz CA duplex modes, apply requirements only to the first one






In this contribution we present our views on the open issues related to PDSCH requirements in CA for HST in FR1.  
2. Discussion
The open issues related to PDSCH requirements in CA scenarios are:
· Applicability rule for HST-SFN joint transmission scheme and DPS transmission scheme
· Additional UE capability for HST-SFN CA
· Applicability rule between single carrier and CA
· Release independent requirements for HST PDSCH CA 
Applicability rule for HST-SFN joint transmission scheme and DPS transmission scheme
The options in [1] for applicability rule are:
· Option 1: 
· When UE declares the capability demodulationEnhancement-r16, UE need to pass HST-SFN JT for CA. UE can skip HST-DPS for CA
· When UE does not declare the capability demodulationEnhancement-r16, UE need to pass HST-DPS for CA. UE can skip HST-SFN for CA.
· Option 2: Distribute the HST CA test cases into different SCS combinations. it can be ensured that performance under both HST-SFN CA and HST-DPS CA are verified by a compromise way
The UE needs advanced receiver algorithm to support HST-SFN, whereas HST-DPS needs no additional UE capability. Also, HST-SFN deployment has been deployed since LTE and will likely be used for NR, whereas HST-DPS is new and needs some network co-ordination to enable the TCI state switch at the mid-point between RRHs. Based on these observations, we think that if UE supports demodulation for HST-SFN-JT, then CA requirements for HST-SFN-JT should apply, otherwise, CA requirements for HST-DPS shall apply. We don’t see any coverage hole as single carrier requirements for HST-DPS are still verified.
Observation #1: With option to define applicability rule based on UE capability of demodulationEnhancement-r16, we don’t see any coverage hole as single carrier requirements for HST-DPS are still verified.
Proposal #1: Define applicability rule as:
· When UE declares the capability demodulationEnhancement-r16, UE need to pass HST-SFN JT for CA. UE can skip HST-DPS for CA
· When UE does not declare the capability demodulationEnhancement-r16, UE need to pass HST-DPS for CA. UE can skip HST-SFN for CA.

Additional UE capability for HST-SFN CA
In RAN4#101-e there was discussion if additional UE capability needs to be defined for a Rel-15/16 UE supporting normal HST-SFN and CA separately but not supporting normal HST-SFN CA defined in Rel-17. Based on our understanding if UE supports an advanced receiver feature, it should be supported for both single carrier and CA case. Also, the UE capability of demodulationEnhancement-r16 is a per UE feature. The existing UE capability for HST-SFN also covers CA and a new UE capability for HST-SFN CA need not be introduced. 
Proposal #2: Do not introduce additional UE capability for HST-SFN CA.

Applicability rule between single carrier and CA
The following option for applicability rule between single carrier and CA was agreed as baseline assumption in [1]:
· UE skip single carrier test case if it explicitly passes corresponding CA test case
· If UE pass the HST-SFN JT requirements for CA, UE can skip HST-SFN JT requirements for single carrier defined in Rel-16. 
· FFS: UE need to pass Rel-16 HST-DPS single carrier test according to the capability of active TCI state handling
· UE need to pass Rel-16 FDD HST single tap test.
· UE can skip Rel-16 TDD and Rel-15 HST single tap test.

· If UE pass the HST-DPS requirements for CA, UE can skip HST-DPS requirements for single carrier defined in Rel-16.
· FFS: UE don’t need to pass Rel-16 HST-SFN JT single carrier test if UE does not have the capability demodulationEnhancement-r16
· FFS: UE need to pass Rel-16 HST-SFN JT single carrier test if UE have the capability demodulationEnhancement-r16
· UE need to pass Rel-16 FDD HST single tap test.
· UE can skip Rel-16 TDD and Rel-15 HST single tap tests.

We propose to confirm the baseline assumption for applicability rule between single carrier and CA for HST requirements.  The existing applicability rules for single carrier requirements defined in Rel-16 would still apply.
· UE can skip single carrier test case if it explicitly passes corresponding CA test case
· If UE pass the HST-SFN JT requirements for CA, UE can skip HST-SFN JT requirements for single carrier defined in Rel-16. 
· UE can skip Rel-15 HST single tap test.
· If UE pass the HST-DPS requirements for CA, UE can skip HST-DPS requirements for single carrier defined in Rel-16.
· UE can skip Rel-15 HST single tap tests.

Proposal #3: Define the applicability rule between single carrier and CA as UE can skip single carrier test case if it explicitly passes the corresponding CA test case. The existing applicability rules for single carrier requirements would still apply. 
· If UE pass the HST-SFN JT requirements for CA, UE can skip HST-SFN JT requirements for single carrier defined in Rel-16. 
· UE can skip Rel-15 HST single tap test.
· If UE pass the HST-DPS requirements for CA, UE can skip HST-DPS requirements for single carrier defined in Rel-16.
· UE can skip Rel-15 HST single tap tests.
Release independent
The following options were disccused in [1] for release independent requirements for HST in CA:
· Option 1: Rel-17 FR1 HST PDSCH CA requirements are release independent from Rel-15.
· Option 2: Do not define release independent from Rel-15 for HST PDSCH CA requirements
· Option 3: 
· HST-DPS CA requirements are release independent from Rel-15
· HST-SFN CA requirements are applicable from Rel-17
· Option 4: Rel-17 FR1 HST PDSCH CA requirements can be release independent from Rel-15, if Rel-17 RRM requirements for HST are defined release independent from Rel-15.
HST enhancements for CA are being discussed for RRM and demodulation requirements in R17. We don’t see the purpose of defining PDSCH demod requirements in HST for CA as release independent since R15 unless the RRM requirements can also be defined as release independent since R15. Hence, we propose that Rel-17 FR1 HST PDSCH CA requirements can be release independent from Rel-15, if Rel-17 RRM requirements for HST are defined as release independent from Rel-15.
Proposal #4: Rel-17 FR1 HST PDSCH CA requirements can be release independent from Rel-15, if Rel-17 RRM requirements for HST are defined as release independent from Rel-15.
2. Simulation Results
Simulation results for HST-SFN JT
For the simulation parameters agreed in [1], we present for different CBW for FDD and TDD duplex modes. 
Table 1: Simulation Results for FDD 2x2 for HST-SFN JT
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition 
	Correlation matrix and antenna configuration
	SNR @ 70% Max TP

	
	
	
	
	
	Alignment
	Impairment

	1-1
	5 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	10.3
	12.5

	1-2
	10 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	10.6
	12.8

	1-3
	15 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	11.2
	13.4

	1-4
	20 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	11.7
	14.0

	1-5
	25 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	12.0
	14.3

	1-6
	30 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	12.5
	14.8

	1-7
	40 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	12.6
	14.8

	1-8
	50 / 15
	16QAM, 0.48
	HST-SFN
	2x2
	12.7
	14.9



Table 2: Simulation Results for TDD 2x2 for HST-SFN JT
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	TDD UL-DL pattern
	Correlation matrix and antenna configuration
	SNR @ 70% Max TP

	
	
	
	
	
	
	Alignment
	Impairment

	1-1
	5 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	10.9
	13.1

	1-2
	10 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	11.0
	13.2

	1-3
	15 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	11.5
	13.7

	1-4
	20 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	11.3
	13.5

	1-5
	25 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	11.7
	14.0

	1-6
	30 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	12.1
	14.4

	1-7
	40 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	12.6
	14.8

	1-8
	50 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	12.3
	14.6

	1-9
	60 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	13.1
	15.3

	1-10
	80 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	12.6
	14.9

	1-11
	90 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	13.2
	15.5

	1-12
	100 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x2
	12.6
	14.9



Table 3: Simulation Results for FDD 2x4 for HST-SFN JT
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition 
	Correlation matrix and antenna configuration
	SNR @ 70% Max TP

	
	
	
	
	
	Alignment
	Impairment

	1-1
	5 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	7.5
	9.8

	1-2
	10 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	7.8
	10.1

	1-3
	15 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	8.3
	10.5

	1-4
	20 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	8.8
	11.1

	1-5
	25 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	8.9
	11.2

	1-6
	30 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	9.6
	11.8

	1-7
	40 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	9.6
	11.8

	1-8
	50 / 15
	16QAM, 0.48
	HST-SFN
	2x4
	9.7
	11.9



Table 4: Simulation Results for TDD 2x4 for HST-SFN JT
	Test num.
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	TDD UL-DL pattern
	Correlation matrix and antenna configuration
	SNR @ 70% Max TP

	
	
	
	
	
	
	Alignment
	Impairment

	1-1
	5 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	8.8
	11.1

	1-2
	10 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	8.4
	10.7

	1-3
	15 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	8.9
	11.1

	1-4
	20 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	8.7
	10.9

	1-5
	25 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	9.0
	11.3

	1-6
	30 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	9.6
	11.9

	1-7
	40 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	10.0
	12.3

	1-8
	50 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	10.1
	12.4

	1-9
	60 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	10.4
	12.7

	1-10
	80 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	10.1
	12.4

	1-11
	90 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	10.2
	12.5

	1-12
	100 / 30
	16QAM, 0.48
	HST-SFN
	FR1.30-1
	2x4
	10.1
	12.4



3. Conclusion
In this paper, we provide our views on the remaining open issues related to PDSCH requirements in CA for HST in FR1.  Our observations and proposals are captured below:
Observation #1: With option to define applicability rule based on UE capability of demodulationEnhancement-r16, we don’t see any coverage hole as single carrier requirements for HST-DPS are still verified.
Proposal #1: Define applicability rule as:
· When UE declares the capability demodulationEnhancement-r16, UE need to pass HST-SFN JT for CA. UE can skip HST-DPS for CA
· When UE does not declare the capability demodulationEnhancement-r16, UE need to pass HST-DPS for CA. UE can skip HST-SFN for CA.
Proposal #2: Do not introduce additional UE capability for HST-SFN CA.
Proposal #3: Define the applicability rule between single carrier and CA as UE can skip single carrier test case if it explicitly passes the corresponding CA test case. The existing applicability rules for single carrier requirements would still apply. 
· If UE pass the HST-SFN JT requirements for CA, UE can skip HST-SFN JT requirements for single carrier defined in Rel-16. 
· UE can skip Rel-15 HST single tap test.
· If UE pass the HST-DPS requirements for CA, UE can skip HST-DPS requirements for single carrier defined in Rel-16.
· UE can skip Rel-15 HST single tap tests.
Proposal #4: Rel-17 FR1 HST PDSCH CA requirements can be release independent from Rel-15, if Rel-17 RRM requirements for HST are defined as release independent from Rel-15.
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